Abstract-A series of novel phosphorescent polymers consisting of fluorene alt benzene as building block in the main chain and cyclometalated iridium complex as the pendent in the branch were synthesized by coupling polymerization. All of these resulting polymers presented a good thermal stability, an intense absorption in the region of 300-400 nm and a bright blue emission in solution. On contrary, the polymers exhibited dual emission spectra originated from the backbones and iridium complex unit in the neat film. Polymer organic light emitting diodes employing these polymers as the single emissive layer with the con figuration of ITO/PEDOT : PSS (50 nm)/phosphorescent polymer (45 nm)/LiF (0.5 nm)/Al (150 nm) were fabricated. The devices revealed a maximum brightness 43 cd/m 2 with a low molar concentration of iridium complex (1%).
INTRODUCTION
Since the first organic light emitting diodes (OLEDs) reported by C.W. Tang, OLEDs are consid ered as the next generation technology for flat panel displays and general lighting sources because of their high brightness, low cost and flexibility. Over the past twenty decades, phosphorescent polymer light emit ting diodes (PLEDs) have attracted considerable attention in the fields of optoelectronic devices because the strong spin orbital coupling of heavy metal ions could lead to 100% internal quantum effi ciency in theory [1] [2] [3] [4] [5] [6] [7] [8] . To date, two main methods of high efficiency phosphorescent PLEDs have been reported. On one hand, phosphorescent metal com plexes are usually employed as the dopant into host matrix, giving rise to a high efficiency phosphorescent PLEDs [9] [10] [11] [12] [13] . However, the adverse phase separa tion between host and guest as well as dopant aggrega tion are the bottle neck in this type of phosphorescent PLEDs, which causes the low efficiency and short life time of the devices. On the other hand, in order to avoid these issues, phosphorescent polymer materials prepared by introducing cyclometalated complex into main chain or side chain of polymer have been devel 1 The article is published in the original. oped recently. Additionally, these phosphorescent polymers have a lot of merits with simple synthetic method, easy light color tunable and potential appli cation for spin coating or ink jet printing [14] [15] [16] [17] [18] [19] [20] [21] . Therefore, the phosphorescent polymers have attracted much attention for the application of PhPLEDs.
As we know, benzene fragments once incorporated into π conjugated polymer chains will become excel lent charge carrier conducting units owing to its aro matic and rigid plane structure. To our surprise, there are little reports on the benzene contained phospho rescent polymers application in PLEDs. What is more, fluorene derivatives are good candidates for OLEDs due to their high fluorescence quantum efficiency, thermal stability and facile tuning at the C9 position. With these minds, we designed a series of phosphores cent polymers employing fluorene alt benzene deriv atives as the backbone, which is expected to adjust its solubility, thermal stability and luminescent properties of polymer [22] [23] [24] [25] . At the same time, the iridium complex was introduced into the branch chain as the pendant to enhance the efficiency of OLEDs. In this context, the photo physical properties and electrolu minescent properties of these phosphorescent poly mers were investigated, as well as the relationship of the main chain structure of the polymer and iridium molar content in polymer and opto physical proper ties was also explored.
Synthesis and Optoelectric Properties of Fluorene alt

EXPERIMENTAL
All reagents were purchased from Aldrich, Acros or TCI companies. All reactions and manipulations were carried out under inert atmosphere with the use of standard inert atmosphere and Schlenk tech niques.
1 H NMR analysis was carried out using Bruker DRX 400 NMR spectrometer (400 MHz, deuter ated chloroform as solvent, TMS as internal stan dard); UV-Vis absorption spectra were recorded with Shimadzu UV 265 spectrophotometer; cyclic voltammetry (CA) was done by means of CHI 660A electrochemical workstation (platinum electrode as the working electrode and the auxiliary electrode, calomel electrode as reference electrode (SCE). The supporting electrolyte was tetrabutyl ammo nium hexafluorophosphate (Bu 4 NPF 6 ) (0.1 M) in acetonitrile. Ferrocene was added as a calibration after each set of measurements and all reported potentials were quoted with reference to the fer rocene/ferrocenium (Fc/Fc+) couple at a scan rate of 50 mV/s. Photoluminescence spectra (PL) were obtained via RF 5301 PC fluorescence spectrome ter; the neat film of polymers was fabricated from their CHCl 3 solution. Electroluminescent analysis was carried out using Oriel Instaspec 4 CCD spec trometer and electroluminescent efficiency and brightness were obtained with corrected silicon photodiode. TGA was carried out using NETZSCH STA449 type thermal analyzer. Molecular weight distribution was studied by Waters 1515 GPC in THF and PS was used for calibration.
PLEDs with the configuration of ITO/PEDOT : PSS (50 nm)/phosphorescent polymer (45 nm)/LiF (0.5 nm) /Al (150 nm) were fabricated on a cleaned indium tin oxide (ITO) glass substrate with a sheet resistance of 15 Ω/sq and a thickness of 120 nm in a controlled N 2 filled dry box (Vacuum Atmosphere Co.). On the fabrication process, the poly(3,4 ethyl enedioxy thiophene): poly(styrene sulfonic acid) (PEDOT : PSS, Batron P4083, purchased from Bayer AG) was firstly spin coated onto a pre cleaned ITO surface. Then, the polymers were spin coated on the face of PEDOT : PSS layer from chlorobenzene solu tion, and annealed for 2 h at 80°C. Finally, 4 nm bar ium layer used as the cathode and 150 nm aluminum used as capping layer were successively deposited on the top of emitting layer through a shadow mask in vacuum (3 × 10 -4 Pa).
Monomers 2,7 bis(4,4,5,5 tetramethyl 1,3,2 di oxaborolan 2 yl) 9,9 dioctylfluorene M1, 2,5 dibromo 1,4 bis(octyloxy)benzene M2, [3 (2,7 dibromo 9 octyl 9H fluoren 9 yl)hexaoxyl 97-8.95 (m, 1H), 8.86-8.84 (d, 1H), 8.64-8.62 (d, 1H), 8.14-8.12 (d, 1H), 8.10-8.08 (d, 1H), 7.97-7.95 (d, 1H), 7.84-7.77 (m, 3H), 7.72-7.60 (m, 6H), 7.53-7.50 (m, 2H), 7.46-7.42 (m, 4H), 7.37-7.36 (d, 1H), 7.20-7.18 (d, 1H) The synthetic route of polymer synthesis is given on Scheme. As an example of this procedure a mix ture of M1 (321.0 mg, 0.5 mmol), M2 (241.1 mg, 0.5 mmol), M3 (12.43 mg, 0.01 mmol), tricyclo hexyl phosphine (8 mg), palladium(II) acetate (2.5 mg), 8 mL toluene and 6 mL tetrabutylammo nium hydroxide (10 wt %) were stirred in a Schlenk tube at 90°C for 72 h under Ar. After cooling to room temperature the reaction mixture was trans ferred to 25 mL three necked flask, and 30 mg of 2,4 difluorine phenylboronic acid was added. After reacting 12 h at reflux temperature under Ar, 50 μL bromobenzene was added into the three necked flask, and continued to react during 12 h at reflux temperature under Ar. Then, the reaction mixture was cooled and the resulting polymers were purified by precipitation in methanol twice and extraction with acetone in a Soxhlet apparatus for 72 h. The feed ratios of the cyclometalated iridium com plex were 1, 3, and 5 mol %, respectively. Thus, the corresponding polymers were designated as PFPhIrpiq1, PFPhIrpiq3 and PFPhIrpiq5 (Scheme 1).
